Figure S1
Equilibria of 19-nt duplex mimics of a portion of the 39-nt hairpin with homodimers of the top strands of their duplexes.
Figure S2
Fragments of the 39-nt hairpin used for modeling with CS-ROSETTA.
Figure S3
Imino region of 1D proton spectra of the 39-nt hairpin acquired with 0, 5 and 10 mM Mg 2+ at 4 °C.
Figure S4
Imino to amino/non-exchangeable proton region of a 2D NOESY spectrum of the 39-nt hairpin.
Figure S5
H1′ to H6/H8 region of a 2D proton NOESY spectrum of the 39-nt hairpin showing sequential proton walks for residues G2 to G10 and U33 to U39.
Figure S6
Thermodynamics calculations with the nearest neighbor model showing that the 11-nt hairpin conformation is preferred to a duplex formed by self-dimerization of the RNA sequence. Figure S12
The ensemble of the 10 structures of the 11-nt hairpin modeled in AMBER with the lowest distance restraint violation energies and which agreed with NMR restraints.
Figure S13
The ensemble of the 10 structures of the 19-nt duplex modeled in AMBER with the lowest distance restraint violation energies and which agreed with NMR restraints.
Figure S14
Calculated structure of the hairpin loop of the 11-nt hairpin construct.
Figure S15
H1′ to H2′ region of a 2D TOCSY spectrum of the 11-nt hairpin.
Figure S16
H1′ to H2′ region of a 2D TOCSY spectrum of the 19-nt duplex. Figure S18 Chemical shift differences of the 19-nt duplex between experiment, assigned at 25 °C in the presence of 5 mM Mg 2+ , and those predicted by NUCHEMICS for H2/H5, H6/H8, H1′ and H2′ in an ensemble of 20 structures generated with NMR restraints.
Figure S19
Chemical shift differences of the 11-nt hairpin between experiment, assigned at 20 °C in the presence of 5 mM Mg 2+ , and those predicted by NUCHEMICS for H2/H5, H6/H8, H1′ and H2′ in an ensemble of 20 structures generated with NMR restraints.
Figure S20
Differences between experimental and NUCHEMICS-predicted chemical shifts of a GAAA hairpin, closed by a GU pair, which consists of a helical region of a group II intron.
Figure S21
Differences between experimental and NUCHEMICS-predicted chemical shifts of a GAAA hairpin, closed by a GC pair, which contains an internal loop from a ribozyme.
Figure S22
Differences between experimental and NUCHEMICS-predicted chemical shifts of a GAAA hairpin, closed by an AU pair, which consists of a helical region of a ribozyme.
Figure S23
Differences between experimental chemical shifts of the 39-nt hairpin, assigned at 20 °C, and those predicted by NUCHEMICS for H2/H5, H6/H8, H1′ and H2′ in an ensemble of 20 structures of the 19-nt hairpin generated by CS-ROSETTA with chemical shift restraints.
Figure S24
Differences between experimental chemical shifts of the 39-nt hairpin, assigned at 20 °C, and those predicted by NUCHEMICS for H2/H5, H6/H8, H1′ and H2′ in an ensemble of 20 structures of the 18-nt duplex generated by CS-ROSETTA with chemical shift restraints.
Figure S25
Secondary structure of a hairpin with a 2 × 2 internal loop from a group II intron of Oceanobacillus iheyensis.
Table S1
Chemical shifts used to model fragments of the segment 7 hairpin with CS-ROSETTA. Table S2 Assigned chemical shifts of the 39-nt 3′ splice site segment 7 hairpin construct. Table S3 Assigned chemical shifts of the 11-nt hairpin construct. 2+ at 4 °C. These spectra were acquired on the 39-nt hairpin synthesized with commercial transcription kits and do not have a signal for U39.
† Chemical exchange peak. Figure S4 : Imino to amino/non-exchangeable proton region of a 2D NOESY spectrum of the 39-nt hairpin. Crosspeaks within base pairs from C amino proton(s) to GH1 and AH2 to UH3 are labeled blue, where the C amino proton or AH2 and GH1 or UH3 corresponds to the first and second residues, respectively. Interresidue H1′ to H1/H3 cross-peaks are labeled green, where H1′ and H1/H3 correspond to the first and second residues, respectively. The A22H8-G19H1 and A31H2-G11H1 cross-peaks are labeled red. The water signal was suppressed with an S-pulse. The spectrum was acquired at −2 °C with 125 ms mixing time.
Figure S5: H1′ to H6/H8 region of a 2D proton NOESY spectrum of the 39-nt hairpin showing sequential proton walks for residues G2 to G10 and U33 to U39. H1′ to H6/H8 walk NOEs are labeled blue for residues 2 to 10 and green for residues 33 to 39. Adenine H2 signals are labeled with red dashed lines. H1′ to adenine H2 NOEs are labeled red with only the label of the residue for the H1′. Spectrum was acquired at 20 °C and 350 ms mixing time with a WATERGATE pulse to suppress the water signal. In the secondary structure of the 39-nt hairpin., residues whose intraresidue H1′ to H6/H8 NOEs were identified in the NOESY walks are labeled blue for residues 2 to 10 and green for residues 33 to 39.
Equilibrium of hairpin and duplex conformations.
Equilibria between single strands and hairpin and duplex conformations. Where x is the concentration of single-stranded RNA in duplex and C T is the total concentration of strands. The concentration of duplex and hairpin are ‫ݔ‬ 2 ⁄ and ‫ܥ‬ െ ‫,ݔ‬
respectively. The value of x at 2 °C, with C T = 4 mM, is 2.31 × 10 −6 M. Therefore, the concentration of hairpin is approximately 4 mM. At C T = 0.2 mM, x is 5.78 × 10 −9 M. Therefore, the concentration of hairpin is approximately 0.2 mM. Figure S15: H1′ to H2′ region of a 2D TOCSY spectrum of the 11-nt hairpin. All visible cross-peaks are circled. Cross-peaks circled blue correspond to H1′ to H2′ cross-peaks for residues labeled with the same color. Cross-peaks circled orange are unassigned artifacts. As expected, the 3′ terminal A26 residue has a relatively large H1′ to H2′ cross-peak. All H1′ to H2′ cross-peaks are small compared to C or U H5 to H6 cross-peaks in the same spectrum (not shown), indicating weak coupling between these protons and that all residues primarily have a C3′ endo sugar pucker. The spectrum was acquired at 20 °C in D 2 O and 5 mM Mg 2+ .
Figure S16: H1′ to H2′ region of a 2D TOCSY spectrum of the 19-nt duplex. All visible cross-peaks are circled. Cross-peaks circled blue correspond to H1′ to H2′ cross-peaks for residues labeled with the same color. Cross-peaks circled orange are unassigned artifacts. As expected, terminal residues have a relatively large H1′ to H2′ cross-peak. All H1′ to H2′ cross-peaks are small compared to C or U H5 to H6 cross-peaks in the same spectrum (not shown), indicating weak coupling between these protons and that all residues primarily have a C3′ endo sugar pucker. The noise at 4.75 ppm is the residual water peak. The spectrum was acquired at 25 °C in D 2 O and 5 mM Mg G7  G7  G7  C8  C8  C8  C8  C8  C8  A9  A9  A9  A9  A9  A9  G10  G10  G10  G10  G10  G11  G11  G11  G11  C12  C12  C12  C12  C12  C13  C13  C13  C13  C13  C13  U14  U14  U14  U14  A15  A15  A15  A15  A15  C16  C16  C16  C17   H1′  H2′  H8  H1′  H2′  H3′  H4′  H5  H6  H1′  H2  H2′  H3′  H4′  H8  H1′  H2′  H3′  H4′  H8  H1′  H2′  H3′  H8  H1′  H2′  H3′  H5  H6  H1′  H2′  H3′  H4′  H5  H6  H1′  H2′  H5  H6  H1′  H2  H2′  H3′  H8  H1′  H5  H6 C17  C17  C17  A18  A18  A18  A18  A18  G19  G19  G19  G19  G19  A20  A20  A20  A20  A20  A20  A21  A21  A21  A21  A21  A21  A22  A22  A22  A22  A22  A22  C23  C23  C23  C23  C23  G24  G24  G24  G25  G25  G25  G25  A26  A26  A26  A26  U27   H2′  H5  H6  H1′  H2  H2′  H3′  H8  H1′  H2′  H3′  H4′  H8  H1′  H2  H2′  H3′  H4′  H8  H1′  H2  H2′  H3′  H4′  H8  H1′  H2  H2′  H3′  H4′  H8  H1′  H2′  H3′  H5  H6  H1′  H2′  H8  H1′  H2′  H3′  H8  H1′  H2  H2′  H8 U27  U27  U27  G28  G28  G28  G29  G29  G29  G29  G29  G30  G30  G30  G30  G30  A31  A31  A31  A31  A31  A31  G32  G32  G32  G32  U33  U33  U33  U33  U33  U33  G34  G34  G34  G34  G34  C35  C35  C35  C35  C35  C35   H2′  H5  H6  H1′  H2′  H8  H1′  H2′  H3′  H4′  H8  H1′  H2′  H3′  H4′  H8  H1′  H2  H2′  H3′  H4′  H8  H1′  H2′  H3′  H8  H1′  H2′  H3′  H4′  H5  H6  H1′  H2′  H3′  H4′  H8  H1′  H2′  H3′  H4′  H5 .00 0.00 3.00 ! assign (residue 28 and name N2 ) (residue 29 and name H1 ) 3.00 0.00 4.00 ! assign (residue 29 and name H1' ) (residue 14 and name H3 ) 3.00 0.00 5.00 ! assign (residue 35 and name N4 ) (residue 6 and name H3 ) 4.31 1.72 2.72 ! assign (residue 36 and name H1' ) (residue 6 and name H3 ) 3.00 0.00 5.00 ! assign (residue 37 and name H1 ) (residue 4 and name H3 ) 5.52 2.21 2.21 ! assign (residue 37 and name H1 ) (residue 6 and name H3 ) 4.37 1.75 1.75 ! assign (residue 37 and name H1' ) (residue 6 and name H3 ) 4.51 1.80 1.80 ! assign (residue 39 and name H1' ) (residue 4 and name H3 ) 5.08 2.03 2.03 ! assign (residue 3 and name H1' ) (residue 3 and name H8 ) 5.00 2.00 2.00 ! assign (residue 3 and name H2' ) (residue 3 and name H1' ) 3.26 1.31 1.31 ! assign (residue 3 and name H2' ) (residue 3 and name H8 ) 2.00 0.00 2.50 ! assign (residue 4 and name H1' ) (residue 3 and name H2 ) 2.00 0.00 3.00 ! assign (residue 4 and name H1' ) (residue 4 and name H6 ) 2.00 0.00 3.00 ! assign (residue 4 and name H2' ) (residue 4 and name H1' ) 3.23 1.29 1.29 ! assign (residue 5 and name H1' ) (residue 38 and name H2 ) 3.43 1.37 1.37 ! assign (residue 7 and name H1' ) (residue 36 and name H2 ) 
Dihedral restraints for AMBER modeling of 39-nt hairpin (continued)
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